In addition to the physical deformity, there is often great psychological burden of facial scars for patients. In this study, we use condensed nanofat combined with fat grafts in a novel technique to improve atrophic facial scars by raising both the surface and the bottom of the affected area.
S
carring is the pathological outcome of the repair and reconstruction after tissue damage and may affect the patient's personal appearance and physical function, causing deformity and possibly a great psychological burden, especially when the scar is on the face. 1, 2 Three of the most common types of scars are hypertrophic, atrophic, and keloid scars. For hypertrophic scars and keloids, studies have found that the abnormal accumulation of extracellular matrix (ECM), composed mainly of overproduced collagen, is one of the main causes. 3, 4 Scar tissue is not as flexible as normal skin, lacks elasticity, and does not have a normal blood supply, sweat glands, or hair. [5] [6] [7] An atrophic scar is sunken, visibly pigmented or hypopigmented, and often associated with acne. 8, 9 Deficiency of collagen and other fibrous tissues may result in an atrophic scar. 10 Although none of the currently available treatments can achieve complete resolution any scars, there are some ways to minimize their appearance, such as steroid injections, laser treatment, radiotherapy, and injectable fillers.
11-13
For long-term scar treatment, for which medical and surgical therapies seem to be ineffective, autologous fat grafts have been used successfully to repair tissue damage. In recent years, treatment of different scar types with autologous fat graft injection has been widely used.
14-17 Klinger et al 18 used autologous fat grafts to treat retractile and painful scars that compromised normal daily activity or mobility of the involved joint, and they found a qualitative improvement in all treated scars. After treating 35 facial scars by autologous lipofilling, Pallua et al 19 demonstrated that the scar quality improved in all cases.
Sarangal et al 20 reconstructed a depressed, depigmented, irregular vertical scar in the center of the forehead with a suspension of noncultured epidermal melanocytes and dermal fat grafting.
It should be noted that autologous fat grafts are made up of fat cells, ECM, and adipose-derived stem cells (ADSCs). 21, 22 Since ADSCs have been shown to play a role in antiaging and skin regeneration, the scar-remodeling effect of fat grafts may be related to ADSCs. Through intralesional injection of ADSCs to hypertrophic scars in rabbit ears, Zhang et al 23 have added support to this hypothesis. Tonnard et al 24 have produced nanofat for skin rejuvenation, which could be injected with a thinner needle and still contain therapeutic quantities of ADSCs. 24 However, nanofat contains much oil and is too bulky to be injected into scars. Based on these factors, we devised a new approach to remove oil and obtain condensed nanofat to treat atrophic facial scars. We used pathological examination, photographic documentation, and the Patient and Observer Scar Assessment Scale (POSAS) to evaluate the effect of this treatment. Among these patients, the most common cause of the facial scars was surgical sutures (n = 12); other causes were burns (n = 8), trauma (n = 3), and acne (n = 2). In addition to 1 irregular and patchy scar (area of approximately 6 × 6 cm) ( Figure 1A and B), there were 24 linear scars ranging in length from 1 to 5 cm (mean length, 2.45 cm) (Figure 1C and D; eFigures 1 and 2 in the Supplement). All scars had formed over 3 to 26 years (mean formation time, 7.45 years) and were stable.
Methods

Patients
All included patients had no local ulcers, infectious diseases, autoimmune diseases, or organic diseases, and received neither immunosuppressant therapy nor local radiotherapy preoperatively. All participants provided written informed consent for participation in this study, which was approved by the ethics committee of Sir Run Run Shaw Hospital.
Liposuction Procedure
According to the Coleman protocol, [25] [26] [27] liposuction was performed through a small incision in the sterilized paraumbilical region after infiltration of a solution of 20 mL of lidocaine, 0.5%, and 1 mL of 1:1000 epinephrine per 1000 mL of saline with a 3.0-mm multihole aspiration cannula manually connected to a 20-mL Luer-Lok syringe (Fisher Scientific). The infiltration step minimized bleeding and reduced pain. The piston of the syringe was then pulled back gently to create a light negative pressure to create suction. After saline rinsing and filtering, we performed preliminary centrifugation during which the 20-mL Luer-Lok syringes were centrifuged at 3000 rpm for 3 minutes (Era Beili Centrifuge Co Ltd). The oil layer was decanted, and the aqueous component drained. For mechanical emulsification, 2 20-mL Luer-Lok syringes with appropriate fat grafts were connected to the Tulip transfer connector with three 1.4-mm holes (Black Tie Medical). Mechanical emulsification was performed by pushing the fat through the connector forward and backward between the 2 syringes 30 times to produce nanofat. 24 To remove additional oil and obtain more
Key Points
Question Can facial atrophic scars be treated effectively, from both a functional and an aesthetic perspective, with the use of condensed nanofat combined with conventional fat grafts?
Findings Twenty-five atrophic scars on a total of 20 patients were included in the study. The patients' and clinician observers' scores significantly improved after treatment with fat grafting using condensed nanofat and conventional fat grafts, and the overall Patient and Observer Scar Assessment Scale score also significantly improved.
Meaning In this study, we achieved good results when treating atrophic scars with condensed nanofat combined with fat grafts, suggesting that this technique may be a useful addition to the treatment options for this type of scar. highly purified nanofat, the nanofat was centrifuged again at 3000 rpm for 3 minutes after emulsification. After removal of the oil layer and the aqueous component, the condensed nanofat was collected.
Surgical Procedure
Initially, the whole face was sterilized with benzalkonium chloride. Under local anesthesia, subcisions and microincisions were made with an 18-gauge needle to break underlying adhesions of the scar and make space for the fat graft combined with condensed nanofat injection for the irregular and patchy scar. A syringe with a blunt 1.2-mm cannula was used to inject fat grafts into the tissue underlying the scar to achieve visible elevation as the syringe was withdrawn, and the piston was pushed forward. Otherwise, we injected condensed nanofat grafts intradermally into scars using 29-gauge insulin syringes (BD [Becton, Dickinson, and Company]) to increase the thickness of tissue under the epidermis and dressed condensed nanofat on the surface of incisions. However, for linear scars, only the condensed nanofat grafts were needed ( Figure 2) . Finally, the scars were dressed with sterile gauze without compression. Postoperative oral antibiotic was taken for3days.
Pathological Examination
Punch biopsies (2 × 2 mm) were taken in the same scar area before and 6 months after the procedure and used for VerhoeffVan Gieson staining, Fontana-Masson staining, and immunohistochemical analysis. All biopsy samples were fixed in 10% formalin at 4°C overnight, embedded in paraffin, sectioned, and then examined histologically. For special staining, slides were deparaffinized and hydrated to distilled water. According to the Verhoeff-Van Gieson staining kit protocol (Polysciences Inc), slides were incubated in Verhoeff solution for 1 hour and then washed in tap water. Tissue sections were differentiated in ferric chloride, 2%, A, The commonly used autologous fat grafting procedure is achieved through subcutaneous injection, but the cannula is not thin enough to inject fat grafts into a scar to elevate the surface of the scar. B, For the nanofat technique in linear scars, the condensed nanofat is injected into the scar with 29-gauge insulin syringes to elevate the surface. C, For the nanofat combination technique in irregular and patchy scars, the fat graft is injected into the tissue under the scar, and the condensed nanofat is injected into the scar to elevate both the surface and the bottom of scar.
solution until gray background was analyzed under the microscope. After thorough rinsing in distilled water, tissue sections were treated with sodium thiosulfate, 5%, for 1 minute to remove iodine. The slides were thoroughly washed with water and then counterstained in Counterstain I for 5 minutes. Finally, slides were washed, dehydrated, cleared in xylene, and mounted for analysis.
According to the Fontana-Masson stain protocol (Abcam), slides were incubated in Fontana ammoniacal silver solution for 15 minutes. Following thorough rinsing in distilled water, slides were incubated in gold chloride solution for 2 minutes. Slides were rinsed again in distilled water and then incubated in sodium thiosulfate, 2%, solution for 2 minutes. Slides were washed well in distilled water and counterstained with neutral red stain for 1 minute. Finally, slides were washed, dehydrated in absolute alcohol, cleared, and mounted for analysis.
For immunohistochemical analysis, slides were fixed in paraformaldehyde, 4%, deparaffinized, rehydrated, and then immersed in the distilled water. Following citrate incubation and blocking with 5% rabbit serum for 30 minutes, slides were incubated at 4°C overnight with the following antibodies against cytokeratin (CK) 14 and CK19 (both at 1:200 concentration; ProteinTech). The paraffin sections were incubated with secondary antibody (1:200, ProteinTech) for 30 minutes and then developed with DAB for 10 minutes. After staining with hematoxylin-eosin for 1 minute, slides were mounted for analysis.
Follow-up Examination
For clinical examinations, photographs were taken preoperatively and 6 months postoperatively for comparison under the same environmental conditions and standard camera settings. At the same time, the scars were evaluated by both patients and clinician observers using the POSAS. This scale grades 6 properties of the scar in the patient scale-color, pliability, thickness, relief, itching, and pain-and 5 scar properties in the observer scale-vascularization, pigmentation, pliability, thickness, and relief.
28, 29 The clinical examinations and observer scar assessments were performed independently by 3 senior plastic surgeons.
Statistical Analysis
Images of immunohistochemical and specific staining of tissue were analyzed using ImageJ for Mac OS X, version 1.49 (National Institutes of Health). Tissue area was measured using 3 random fields per slide viewed at high magnification (×100, ×200, and ×400). Paired sample t testing with the SPSS statistical package, version 18.0 (SPSS Inc), were used to compare the preoperative average optical density (AOD) of melanin (integrated density per unit area) and fractional area fraction of elastic fibers with the 6-month postoperative measures. All the figures were generated by Prism 6 (GraphPad) and Photoshop CC (Adobe Systems). Data are expressed as mean (SD) values; P < .05 was considered statistically significant.
Results
Follow-up Examination With POSAS
We observed a marked improvement in the quality of the scars in all facial scars (N = 25). The improvements could also be found in the scar assessment scores assigned by both the patients and the observers (Figure 3) . The patients' scores were also significantly improved at the final examination for color 
Pathological Examination
We observed an enhancement of Fontana-Masson staining of melanin in the basal cell layer postoperatively ( Figure 4A and B), and a statistically significant increase was detected in the mean (SD) AOD of melanin between preoperative and postoperative evaluation, 0.671 (0.083) vs 0.844 (0.110) (P = .01) (Table) . We observed no difference in Verhoeff-Van Gieson staining of elastic fibers between preoperative and postoperative evaluation and found no significant change in the fractional area occupied by elastic fibers (Table) . Moreover, we detected changes in sebaceous glands and sweat glands postoperatively by immunohistochemical staining using CK14 and CK19 ( Figure 4C-F) . We observed no dermal papillae, sebaceous glands, or sweat glands preoperatively, but sebaceous and sweat glands appeared postoperatively.
Discussion
An atrophic scar is one in which the healed surface of the skin is below the level of normal dermal tissue, so the healed tissue of an atrophic scar must be built up above the level of the normal surrounding skin. The commonly used autologous fat grafting procedure uses subcutaneous injection, but the cannula is not thin enough to inject fat grafts into a scar to el- A and B, Under Fontana-Masson staining, an increase in melanin is seen in the basal cell layer between the preoperative (A) and 6-month postoperative (B) specimens (original magnification ×400). C and D, Under cytokeratin (CK) 14 staining, almost no sebaceous or sweat glands were observed preoperatively (C), but they were clearly visualized 6 months postoperatively (D) (original magnification ×200). E and F, Under CK19 staining, almost no sebaceous or sweat glands were observed preoperatively (E), but they were clearly visualized 6 months postoperatively (F) (original magnification ×100).
evate the surface of the scar. Tenna et al 30 report effectively treating atrophic facial scars with subcutaneous infiltration of nanofat and platelet-rich plasma combined with fractional carbon dioxide laser resurfacing. In the present study, we treated atrophic facial scars with condensed nanofat combined with fat grafts, a novel method that raises both the surface and the bottom of scars, and we observed both aesthetic and functional improvement postoperatively in the treated scars.
Microfat is processed into nanofat by means of emulsification, which destroys large adipocytes while ADSCs are preserved. This mechanical process can be understood as the process of purifying ADSCs. 24 However, facial atrophic scars are almost always small and linear. Conventional nanofat is not small enough to pass through 29-gauge insulin syringes, and the conventional preparation contains many damaged oil droplets, which may stimulate the inflammatory response of the recipient's body. 31 In the present study, to remove the oil, obtain condensed nanofat made up of smaller components, and enrich the ADSCs, we performed a second centrifugation. In addition, ADSCs secrete various growth factors, such as vascular endothelial growth factor, hepatocyte growth factor, transforming growth factor (TGF)-β, and platelet-derived growth factor. 31, 32 Studies have demonstrated that growth factors may have antifibrotic effects. 33, 34 Furthermore, Spiekman et al 35 have also observed that an ADSC-conditioned medium inhibits TGF-β1-induced adverse differentiation and function of adult human dermal fibroblasts and TGF-β1-induced contraction in keloid scar-derived fibroblasts to remodel the scar. 35 Therefore, we hypothesized that condensed nanofat may be effective in treating atrophic scars. Melanocyte death and disruption of melanogenesis have been shown to affect skin pigmentation. 36 A hypopigmented scar is often the result of deep skin damage, which may lead to reduction or loss of local melanin secretion. Alternatively, the scar tissue itself may become a barrier to melanin transfer and melanocyte migration. 37 The 25 scars included in the present study were hypopigmented or mixed (mixed scars contained both hypopigmented and hyperpigmented tissue). All participating patients were satisfied with the postoperative scar color, which was reflected in the color parameter of the patient POSAS score ( Figure 3A) . Observers also reported improvement in scar pigmentation, which was reflected in the pigmentation parameter of the observer scar score ( Figure 3B ). In addition, we analyzed the AOD of melanin via FontanaMasson staining using ImageJ software and detected a significant increase from preoperative measurement in the postoperative AOD of melanin (0.17; 95% CI, 0.068 to 0.277; P = .01) (Table) . Lim et al 38 have observed that ADSCs improve the efficacy of melanocyte transplantation in nude mouse skin. Therefore, we speculated that the ADSCs injected into a hypopigmented scar might positively influence peripheral melanocytes to migrate to the basal cell layer or to differentiate into melanocytes themselves. Further studies are needed to investigate and better understand the mechanisms. Scars are often stiff because scar tissue is composed of collagen overexpressed relative to the tissue it has replaced and lacks elastic fibers. 39 Preoperatively, all the patients in the present study considered their scars to be hard and sunken, but after the treatment, they were all satisfied with the improvement in scar stiffness; this was reflected in the stiffness parameter of the patient POSAS score ( Figure 3A) . The observers perceived improvement in postoperative scar relief and pliability, as reflected in the relief and pliability parameter of the observer POSAS score ( Figure 3B ). However, we did not observe a difference in elastic fibers based on Verhoeff-Van Gieson staining between preoperative and postoperative measurements and did not find a significant change in the fractional area occupied by elastic fibers (Table) . Valerie et al 40 have observed that elastin levels, and the organization of elastic fibers tend to return to normal after the injection of ADSCs in vocal fold scars in rabbits.
Jeong et al 41 have demonstrated that scars in nude mice treated with human ADSCs showed higher collagen density and better outcomes with regard to tropoelastin and fibrillin-1. However, these results are contradictory to our results. We think that this discrepancy might relate to the small sample size of scars (N = 25) in our study and that future studies should include larger samples. It could also be noted that the change in scar stiffness might be due to the subcisions and microincisions made in the scars during surgery. Epidermal appendages in the dermis, such as sebaceous glands, sweat glands, and hair follicles, are almost nonexistent in scar tissues. 42 Before the treatment in the present study, we did not detect dermal papillae, sebaceous glands, or sweat glands by immunohistochemical staining with CK14 and CK19 ( Figure 4C-F) , but sebaceous and sweat glands appeared postoperatively. In patients with atrophic scars, the injury is often deep, reaching the muscle tissue, and can damage epidermal appendages. Previous studies have demonstrated that mesenchymal stem cells may regenerate sweat glands and sebaceous glands. [43] [44] [45] Our results indicate that the ADSCs in condensed nanofat can regenerate sebaceous glands and sweat glands to convert atrophic scar tissue to normal skin.
Limitations
Although we have found an effective therapy for scars, the study has some limitations. First, we focused only on procedures and clinical efficiency rather than the mechanism of our treatment. Second, only 25 atrophic scars were included in this study, and only 1 of them required the combination treatment. Therefore, larger studies that evaluate the mechanism are needed.
Conclusions
In summary, our preliminary clinical and pathological results indicate that use of condensed nanofat may be an effective approach to treating atrophic scars, from both an aesthetic and a functional perspective. It is unfortunate that we have not investigated the mechanism underlying the results of our treatment and that the sample is limited. Therefore, further studies and larger samples are needed to investigate and better understand the mechanisms associated with condensed nanofat and the remodeling of atrophic scars to render the results even more reliable and predictable for patients.
